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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim l] When it is prepared in a rack shaft side and engages with an electric motor 
through a clutch device to said electric motor, In electromotive power- steering 
equipment equipped with the assistant device in which the assistant force according to 
rotation of a steering shaft is given to the rack shaft itself The 1st engagement condition 
as which said assistant device is operated as said electric motor using the motor which 
rotates only to an one direction as assistant force of left steering [ said clutch device ] of 
the turning effort of this electric motor, While constituting as a device in which the 2nd 
engagement condition as which said assistant device is operated as assistant force of 
right steering of the turning effort of this electric motor can be taken and changing 
rotation movement of said steering shaft into rectilinear motion Electromotive 
power-steering equipment characterized by having the mechanical change-over device 
which transmits this rectilinear motion to said clutch device, and switches this clutch 
device between said 1st engagement condition, the 2nd engagement condition, and a 
balking condition. 

[Claim 2] Said clutch device is constituted in said assistant device and one. Said 
mechanical change-over device by moving this assistant device to direct right and left, 
the 1st [by said clutch device] and 2nd engagement condition and balking condition are 
switched. This assistant device and a mechanical change-over device Electromotive 
power-steering equipment according to claim 1 characterized by being constituted so 
that the reaction force which an assistant device receives may consider a clutch device 


1 


as a self touch in each said 1st and 2nd engagement condition. 

[Claim 3] Claim 1 characterized by constituting said assistant device from a ball-screw 
device which consists of a screw slot formed in said rack shaft and a ball nut which 
engages with this screw slot, or claim 2 is electromotive power-steering equipment of a 
publication either. 
* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to electromotive power-steering 

equipment. 

[0002] 

[Description of the Prior Art] Although the hydraulic thing which switches an oil way as 
power-steering equipment of a car from before using a mechanical bulb was put in 
practical use, although precise control is carried out, since it was inconvenient, by the 
oil pressure controller, it was expected utilization of electromotive power-steering 
equipment. 

[0003] In such a background, various electromotive power- steering equipments, such as 
JP59-50864,A, JP60-25854,A, JP60-154955,A, JP62-261573,A, JP03-15591,B, 
JP04-28583,B, JP04-57543,B, JP03-52606,Y, and JP04*27743,Y, have been proposed. 
[0004] In these electromotive power-steering equipments, by the torque sensor attached 
in the steering shaft, the control force which the driver applied was changed into the 
electrical signal, forward inverse rotation control of the servo-type electric motor was 
carried out, the rack shaft was moved to right and left, and power assistance was 
performed. 
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[0005] 

[Problem(s) to be Solved by the Invention] However, by these servos type motor, when 
the electrical signal acquired by the torque sensor has turned into a signal which the 
forward reverse contrary mistook by effect of a noise etc., power assistance will be 
performed contrary to an intention of an operator, and sufficient failsafe is needed. For 
this reason, if electromotive, the system which performs power assistance only during 
lowspeed transit is put in practical use as an object for light cars by reality. 
[0006] Moreover, the servo motor also had the problem of wear of a brush, the motor 
itself tended to break down, and in order to make it stop until the direction of power 
assistance is shown, it also had the problem that a standup became late. Then, it stops 
using a servo motor primarily, the motor which rotates only to a one direction, and two 
kinds of gear devices are used, and the equipment of engaging-and-releasing switch is 
also proposed with the electromagnetic clutch in these gear device and the motor 
(JP43~19859,Y). If it is this configuration, since a motor can also always be made into 
activation status, starting delay is lost and also solves the problem of failure peculiar to 
a servo motor. However, there is a possibility that the control signal of an 
electromagnetic clutch may turn into a signal which was mistaken with the noise etc., 
and it did not become an essential failsafe too. 

[0007] The equipment which meanwhile engages and releases a clutch mechanically in 
the same system as above-mentioned JP43-19859,Y like JP59-128047,A and 
JP59-128048,A using the spring prepared in the steering shaft is proposed. With this 
equipment, it is lost that the power assistant direction is reversed by the abnormalities 
of an electrical signal. 

[0008] However, in this system, since the big force joined directly the rack gear which 
engages with the pinion gear of a steering shaft lower limit by power assistance, 
unreasonableness started the rack gear and there was a problem of being easy to be 
damaged. Moreover, there was also a problem that backlash arose and delicate control 
could not be performed, that play is between this pinion gear and a rack gear, by 
twisting a steering shaft strongly by the electric motor, etc. 

[0009] Then, in this invention, such impossible force joins neither a steering shaft nor a 
rack gear, the problem that the power assistant direction is reversed by a noise etc. is 
not produced, either, it is good and endurance aims at offering the electromotive 
power-steering equipment also suitable for delicate control. 
[0010] 

[Means for Solving the Problem and its Function] The electromotive power-steering 
equipment of this invention made in order to solve this technical problem When it is 
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prepared in a rack shaft side and engages with an electric motor through a clutch device 
to said electric motor, In electromotive power-steering equipment equipped with the 
assistant device in which the assistant force according to rotation of a steering shaft is 
given to the rack shaft itself The 1st engagement condition as which said assistant 
device is operated as said electric motor using the motor which rotates only to an one 
direction as assistant force of left steering [ said clutch device ] of the turning effort of 
this electric motor, While constituting as a device in which the 2nd engagement 
condition as which said assistant device is operated as assistant force of right steering 
of the turning effort of this electric motor can be taken and changing rotation movement 
of said steering shaft into rectilinear motion This rectilinear motion is transmitted to 
said clutch device, and it is characterized by having the mechanical change-over device 
which switches this clutch device between said 1st engagement condition, the 2nd 
engagement condition, and a balking condition. 

[00 11] According to the electromotive power-steering equipment of this invention, since 
an assistant device is prepared in a rack shaft side and the rack shaft itself is moved to 
right and left, a steering shaft is not twisted strongly or the force with a rack gear 
impossible for is not applied. Moreover, since an electric motor is not a servo type, it is 
excellent in endurance primarily. And since a clutch device is switched by the 
mechanical change-over device, it is absolutely none that the power assistant direction 
is reversed with the direction which has the intention of a driver. 

[0012] Said clutch device is constituted here in the appearance indicated to claim 2 at 
said assistant device and one. Said mechanical change-over device by moving this 
assistant device to direct right and left, the 1st [by said clutch device] and 2nd 
engagement condition and balking condition are switched. This assistant device and a 
mechanical change-over device In each said 1st and 2nd engagement condition, if it 
constitutes so that the reaction force which an assistant device receives may consider a 
clutch device as a self touch, the more the demand of power assistance is large, 
engagement of a clutch device becomes strong and, the more can perform power 
assistance exactly. 

[0013] It can constitute from a ball-screw device which becomes appearance according to 
claim 3 from the screw slot which formed said assistant device in said rack shaft, and 
the ball nut which engages with this screw slot as a more concrete configuration of the 
electromotive power-steering equipment of such this invention. The Bose Luc Lew 
device is suitable for not adding bending to a rack shaft, suppressing shakiness, and 
performing delicate control. 
[0014] 
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[Example] Hereafter, the example of the electromotive power-steering equipment which 
applied this invention is explained according to a drawing. The 1st example is shown in 
drawing 1 - drawing 3. In addition, an example is a thing about a car with right-hand 
steering, and drawing 1 is the sectional view of the important section when seeing the 
front from the back of a car. The electromotive power-steering equipment 1 of this 1st 
example is equipped with the ball nuts 11 and 13 which engage with each of the right 
screw 5 formed in the rack shaft 3, and the left screw 7, and the electric motor 15 
arranged among these ball nuts 11 and 13. In the electric motor 15, the rack shaft 3 is 
inserted in the core of Rota 17, and arrangement immobilization of the stator 19 is 
carried out around this Rota 17. Although Rota 17 is unmovable to a longitudinal 
direction within gear housing 23, rotation is supported by the ball bearing 21 so that it 
may become free. 

[0015] Moreover, the clutches 25 and 27 of these and 2 sets of friction engagement molds 
formed in one are formed in each ball nuts 11 and 13 and the confrontation part of Rota 
17. The turning effort from Rota 17 is transmitted to each ball nuts 11 and 13 through 
these clutches 25 and 27. 

[0016] The ball nuts 11 and 13 are supported free [rotation] by ball bearings 35 and 37 
to the tubed frames 31 and 33 which can move freely in accordance with the rack shaft 3 
to a longitudinal direction into gear housing 23, respectively. And these frames 31 and 
33 are connected with the connection rod 39, and they are constituted so that it may 
move to right and left at coincidence. 

[0017] The cam ring 43 as shown in the input shaft 41 connected with a handle 
(illustration abbreviation) in detail on the other hand at drawing 2 is attached. The 
slanting long hole 45 to which the diagonal below extends in the right down direction as 
shown in this cam ring 43 at drawing 2 (A), and the perpendicular long hole 47 
perpendicularly prolonged as shown in drawing 2 (C) are formed. And the pin 51 which 
protruded on handle flank part 41a of an input shaft 41 engages with the slanting long 
hole 45, and the pin 53 which protruded on pinion flank part 41b is engaging with the 
perpendicular long hole 47. Moreover, springs 55 and 57 are arranged in the upper and 
lower sides of a cam ring 43. These springs 55 and 57 are for making it pinion flank part 
41b rotate with a predetermined phase angle to handle flank part 41a, in case an input 
shaft 41 rotates. 

[0018] Therefore, if right steering of the handle is carried out, handle flank part 41a will 
carry out a RRC first, and the pinion side section will not immediately carry out the 
RRC of the pinion flank part 41b in the first [slight]. Therefore, the slanting long hole 45 
has a contact side on the left-hand side of illustration pushed on the pin 51 currently 
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engaged there. Consequently, a cam ring 43 begins to descend. And if it becomes 
magnitude with the input torque by this right steering, a cam ring 43 and pinion flank 
part 41b will begin to carry out a RRC in one through the upper spring 55. A cam ring 43 
falls continuously until this pinion flank part 41b will be in the condition of beginning to 
carry out a RRC in handle flank part 41a, and it comes to carry out the RRC henceforth 
of, with that height maintained. When left steering of the handle is carried out, probably, 
a cam ring 43 will begin to go up to this reverse, it will not go up conversely in a certain 
location, and a cam ring 43 and pinion flank part 41b begin to carry out the RLC 
henceforth of to it in one. 

[0019] Here, if a cam ring 43 descends, the direct-acting conversion rod 61 contacted by 
this cam side will move to the illustration left, and frames 31 and 33 and the ball nuts 
11 and 13 will be moved to the left. Moreover, since the spring 63 arranged behind the 
left-hand side ball nut 13 has given thrust rightward [ illustration ] to the direct-acting 
conversion rod 61, in case a cam ring 43 goes up, frames 31 and 33 and the ball nuts 11 
and 13 are moved rightward. Thus, rotation of the input shaft 41 accompanying handle 
actuation is changed into rectilinear motion, and moves the ball nuts 11 and 13 to right 
and left. In addition, although the spring 65 is arranged also behind the right-hand side 
ball nut 11, the spring force is smaller than the left-hand side spring 63. 
[0020] If right steering of the handle is carried out by such direct-acting translator and 
a cam ring 43 descends, both the frames 31 and 33 and the ball nuts 11 and 13 will move 
to the left, and the right-hand side clutch 25 will be engaged. Therefore, the right-hand 
side ball nut 11 begins to rotate in response to the turning effort of an electric motor 15. 
Here, the RLC of the electric motor 15 is always carried out slowly, and acceleration / 
moderation control is made so that it may become the rotational speed according to 
amounts of control by the controller which is not illustrated. This acceleration / 
moderation control detects the torque generated in an input shaft 41 with steering with 
the torque detector 67 formed in the perimeter of a cam ring 43, and is performed 
according to that detection value. In addition, in this example, this torque detector 67 is 
considered as the configuration which detects with the coil which has arranged the 
motion of a cam ring 43 to that perimeter, and detects an input torque. 
[0021] In this way, if right steering of the handle is carried out and the RLC of an 
electric motor 15 is told to the right-hand side ball nut 11, the power assistance of the 
rack shaft 3 will be carried out rightward [ illustration ]. Since the reaction force which 
the ball nut 11 receives from the rack shaft 3 turns into force to the illustration left at 
this time, a clutch 25 will be in a self touch condition. Therefore, when strong power 
assistance is required, a clutch 25 will be in a natural more strong engagement 


6 


condition, and the force can be transmitted smoothly, without sliding. And since this 
strong force is force to which rack shaft 3 the very thing is moved rightward straightly, 
it does not make the rack shaft 3 produce bending. Moreover, since pinion gear 71 the 
very thing is not necessarily twisted strongly, it has not been said that the force with the 
rack gear 73 impossible for is added. Then, if right steering is completed, since a cam 
ring 43 will return to a center valve position, the right-hand side clutch 25 will be in a 
balking condition like the left-hand side clutch 27. 

[0022] When left steering of the handle is carried out, conversely, a cam ring 43 goes up, 
both the frames 31 and 33 and the ball nuts 11 and 13 move to the right, and the 
left-hand side clutch 27 is engaged. Therefore, shortly, the left-hand side ball nut 13 
starts a RLC, and the power assistance of the rack shaft 3 is carried out leftward 
[illustration]. Also at this time, as for a clutch 27, it will be in a self touch condition. 
[0023] Thus, if the input torque by steering joins an input shaft 41, a clutch-off field and 
a clutch-on field will become settled structural with that magnitude. Drawing 3 
expressed this condition to the mimetic diagram. Since an input shaft 41 may carry out 
minute rotation at right and left also by delicate vibration which is operating the driver 
in many cases, moving a handle to right and left slightly, and a wheel receives from a 
road surface even if, as for having made even a certain amount of input torque into the 
clutch-off field here, a car is going straight on, it is for making it power assistance not 
work in this condition. 

[0024] Thus, according to [ as a result of constituting ] the power-steering equipment of 
the 1st example, power assistance can be performed, without hanging unreasonableness 
also on the rack gear 73, without adding bending to the rack shaft 3. And since the 
electric motor 15 is used, it is also possible to perform the delicate power assistance with 
a high precision. 

[0025] Moreover, it has not been said that it tends to break down like a servo motor 
since an electric motor 15 is a motor which rotates only to an one direction. And since 
the existence and the direction of power assistance are controlled by carrying out 
engagement balking with clutches 25 and 27, this electric motor 15 can always be made 
into activation status, and has not been called delay of the standup at the time of 
starting. In addition, in the condition that the clutch is not being engaged, motor inertia 
does not join the rack shaft 3. Therefore, the cut of a handle is easy. 

[0026] And since it is considering as the device which adopts the direct-acting 
conversion rod 61 and switches a clutch to a mechanical according to an input torque, it 
has not been said that the error of an electrical signal will not arise in engaging and 
releasing of a clutch, and power assistance will be made in the direction opposite to the 
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intention of a driver. In addition, in the torque detector 67, the error of a signal cannot 
produce the direction of an input torque easily not related that what is necessary is to 
detect only magnitude. Moreover, since it has not said that the direction of power 
assistance is reversed even if the torque detection value is mistaken, a driver only 
receives if a handle is only heavy, if light, the said impression. 

[0027] Furthermore, since the clutch device of this example is a configuration used as a 
self touch, it gains in the engagement force of a clutch in proportion to the power 
assistant force. Therefore, since it is hard to produce slipping of a clutch part also in 
case automatically exact power assistance is obtained and strong power assistance is 
added, the endurance of the clutch itself will also become good. 

[0028] Next, the 2nd example is explained based on drawing 4. In addition, about the 
components of the same role as the 1st example, 100 is added and displayed on the sign 
used in the 1st example, and detailed explanation is omitted. Unlike the 1st example, 
the ball nut 111,113 on either side is arranged so that it may not move to shaft 
orientations, and it constitutes the clutch 125,127 of a friction engagement mold from 
power- steering equipment 101 of the 2nd example in each ball nut 111,113 between the 
sleeve 124,126 which carries out spline fitting, and Rota 117 of an electric motor 115. 
And the direct-acting conversion rod 161 is constituted so that engagement balking of a 
clutch may be switched by moving this sleeve 124,126 to right and left. Although an 
operation and effectiveness are the same as the 1st example almost, a self touch 
function is not demonstrated. On the other hand, since the reaction force over the 
direct-acting conversion rod 161 is small, the endurance of direct-acting conversion rod 
161 the very thing is good. 

[0029] Next, the 3rd example is explained based on drawing 5. In addition, about the 
same component part as the 1st example etc., at least that of 100 of the sign used in the 
1st example etc. is changed and displayed on "2", and detailed explanation is omitted. 
Unlike the 1st example, the power- steering equipment 201 of the 3rd example connects 
Rota 217 of an electric motor 215 with the direct-acting conversion rod 261, and it 
constitutes Rota 217 so that it may be right and left movable. The ring member 222 was 
arranged in the direction of ball bearing 221a on the right-hand side of Rota 217, and, 
specifically, this and the direct-acting conversion rod 261 were connected. Although a 
self touch function is lost also in this case, structure becomes easy in that the connection 
rod 39,139 becomes unnecessary compared with the 1st and 2nd example. 
[0030] Next, the 4th example is explained based on drawing 6. In addition, about the 
same structure as the 1st example etc., at least that of 100 of the sign used in the 1st 
example etc. is changed and displayed on "3", and detailed explanation is omitted. The 
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power-steering equipment 301 of the 4th example does not insert the rack shaft 303 in 
an electric motor 315, but arranges both to a juxtaposition location, arranges the tubed 
body of revolution 380 in the location which had Rota 217 in the 3rd example, and 
arranges a reduction gear 382 between this body of revolution 380 and electric motor 
315. And body of revolution 380 is connected with the connection rod 361 through the 
ring member 322, and by moving to right and left, it is constituted so that engaging and 
releasing of the clutch 325,327 of a friction engagement mold may be switched. 
According to this configuration, an electric motor 315 can be slowed down and used and 
it also becomes possible to use a small motor with a high rotational frequency. Moreover, 
the degree of freedom of arrangement of the components for power assistance about 
rack shaft orientations goes up. 

[0031] Next, the 5th example is explained based on drawing 7. This 5th example sets a 
ball-screw device only to one. In addition, about the same structure as the 1st example 
etc., at least that of 100 of the already used sign is changed and displayed on "4", and 
detailed explanation is omitted. 

[0032] It carries out spline fitting of this casing 412 to Rota 417, and is arranging the 
clutch 425,427 of a friction engagement mold between the wall of right and left of casing 
412, and the ball nut 411 while the power- steering equipment 401 of the 5th example 
arranges an electric motor 415 in the left end of the gear housing 423, arranges the ball 
nut 411 in that right-hand side, and it arranges casing 412 so that this ball nut 411 may 
be surrounded. 

[0033] The ball nut 411 is supported by the gear housing 423 free [rotation] through 
support sleeve 411a and the ball bearing 435 which project on the right of this casing 
412. Moreover, casing 412 and the ball nut 411 are offset with the spring 463,465. And 
the left-hand side clutch 427 is constituted between the reversal devices 414 and the 
ball nuts 411 which consist of a ring wheel 414a2, planet-gear 414b, and sun gear 414c. 
Therefore, the ball nut 411 becomes that from which a hand of cut is different through 
which clutch 425,427 it engages with an electric motor 415. 

[0034] The ring member 422 arranged by whether which clutch 425,427 is made 
engaged like the 4th example at the part of the ball bearing which supports the right 
end of casing 412 is switched by being moved to right and left through the direct- acting 
conversion rod 461. In this example, the direct-acting conversion rod 461 is moved to 
right and left with a rise and descent of a cam ring 443 by connecting with ring 444b 
which fitted loosely into slot 444a prepared in the cam ring 443, as shown in drawing 7 
(C). The principle of a rise and descent of a cam ring 443 is completely the same as that 
of the 1st example. 


9 


[0035] Although there is no self touch function also about this 5th example, a ball nut 
can be managed with one and the screw slot of the rack shaft 403 has the advantage 
that a configuration becomes easy compared with other examples " one kind is 
sufficient and gear housing 423 becomes small as a whole and good. 

[0036] Next, the 6th example is explained based on drawing 8. This 6th example also 
sets a ball-screw device only to one. In addition, about the same structure as the 1st 
example etc., at least that of 100 of a sign is changed and displayed on "5", and detailed 
explanation is omitted, sleeve 511a which turns rotor-shaft 517a down in the center 
section of the gear housing 523, arranges an electric motor 515 with the power-steering 
equipment 501 of the 6th example, and projects rightward in the ball nut 511 - forming 
-- this sleeve 511a - a collar - spline fitting of the with body of revolution 590 has been 
carried out. A collar - the with body of revolution 590 is equipped with the collar 
591,592 of two sheets. And this collar - each flange 591,592 of the with body of 
revolution 590 and friction member 517b at the tip of rotor- shaft 517a constitute the 
clutch 525,527 of a friction engagement mold. Furthermore, a collar — with body of 
revolution 590 is considered as the configuration moved to right and left through the 
ring member 522 and the direct-acting conversion rod 561 like the casing 412 of the 5th 
example, and by this, the hand of cut of the ball nut 511 is changed, and it can drive now. 
According to this 6th example, there is an advantage that the gear housing 523 is 
further miniaturizable from the 5th example. 

[0037] As mentioned above, although some examples of this invention were explained, 
the electromotive power-steering equipment of this invention can be deformed into the 
mode which becomes various, unless it is not limited to each above-mentioned example 
and deviates from the summary of this invention. For example, the device in which 
rotation of a steering input shaft is changed into rectilinear motion may consist of 
different devices from an example. As an example, as shown in drawing 9 (A), the 
projection 750 made to protrude from an input shaft 741 can be made to be able to 
penetrate the direct-acting conversion rod 761, and rotation of an input shaft 741 can be 
considered as the configuration changed into rectilinear motion because Stoppers 750a 
and 750b contact projection 750. Moreover, as other examples, as shown in drawing 9 
(B), pin 850a can be further protruded from the projection 850 prepared in the input 
shaft 841, and this pin 850a can be made to be able to engage with slot 850b of the 
direct-acting conversion rod 861, and it can also constitute so that rotation may be 
changed into rectilinear motion. In addition, of course, the mechanical device in which 
various rotation is changed into rectilinear motion can be adopted. Furthermore, not a 
ball- screw device but other devices are employable also about an assistant device. 
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[0038] Moreover, the electric motor and ball screw in the 1st example - the 3rd example 
are made reverse, and it does not matter as a configuration which switches the power 
assistant direction over a rack shaft by making one ball-screw device arranged between 
two electric motors which each rotates to hard flow engage with one of electric motors. 
[0039] In addition, you may be an input shaft not only using the thing of the device of an 
input shaft like an example but a torsion bar spring, and an electric motor is not cared 
about even if it stops not only the equipment configuration always turned slowly but a 
usual state. Furthermore, also about a cam ring, as shown in drawing 10 (A), you may 
form so that it may have the perpendicular 1st cam side 1001, the slanting 2nd cam side 
1003, and the still more nearly perpendicular 3rd cam side 1005. In this case, a handle 
rotates, in the start, along the 2nd cam side 1003, the direct-acting conversion rod 1007 
moves to right and left quickly, and the direct-acting conversion rod 1007 will be in a 
maintenance condition in contact with the perpendicular cam side 1001 or 
perpendicular 1005 after that. Moreover, as shown in this drawing (B), you may 
consider as the cam side 1010 of the letter of a cross-section curve. In addition, a 
drawing middle point line is shown for a comparison of the cam side in an example. 
[0040] 

[Effect of the Invention] According to this invention, as explained in full detail above, 
the impossible force joins neither a steering shaft nor a rack gear, the problem that the 
power assistant direction is reversed by a noise etc. is not produced, either, and 
endurance can be good and can offer the electromotive power-steering equipment also 
suitable for delicate control. 

[0041] Moreover, if the configuration used as the self touch indicated to claim 2 is 
adopted, exact power assistance can be performed, without engagement of a clutch 
device becoming strong and the more a clutch being slippery, the more the demand of 
power assistance is large. And the endurance of a clutch part also improves. 
[0042] In addition, if constituted from a ball-screw device in appearance according to 
claim 3, it will become easy not to add bending to a rack shaft, to suppress shakiness, 
and to perform delicate high control of precision. 
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